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(54) METHOD AND APPARATUS FOR INSPECTION OF DEFECT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a method and an 
apparatus by which a very small defect such as a foreign 
matter or the like stuck to a flattened film can be 
detected with high reliability, by composing a plurality of 
normalized image signals into one image signal in the 
same coordinate system and composing the composited 
image signal with a reference composited image signal. 
SOLUTION: By using a linear image sensor 70a, signals 
corresponding to quantities of light detected by using 
three kinds of a blue transmitting film, a green 
transmitting film and a red transmitting film in a time 
delay integration direction are stored in a delay storage 
part 102 via an A/D converter 101. Image data which are 
obtained from a brightness-irregularity computing part 
103 and a brightness correction amount are corrected 
by a brightness-irregularity correction part 104. 
Normalized image signals for respective colors are 
composited by an image composition part 105. The 
dislocation amount of a comparison image and that of a 

reference image are detected by a dislocation-amount detection part 107. Both images are 
aligned by a dislocation correction part 108. A difference image is prepared by a comparison 
part 109. The feature amount of a defect candidate is computed by a defect-amount feature- 
amount detection part 110, it is compared with a judgment reference, and a defect 1 1 1 such as 
a foreign matter or the like stuck to a flattening film is extracted. 
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TD W^-5?-t>U-«»6*tH"r*i:tt»«tr«il 
3J8S 1 IB*©^Rg^fi*ft. 
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{c^s^ti^-r * - i^-fe >-y-#> <=,tfetHT& z t t 
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LTmwyt¥mz&offim¥-iBitm\zi&iR-ztiz>wi&<z> 

£#flaB&«# «t it® b T^-sctca^uT a& E¥ 

[»*3S5] KrEBHM3tttbT. 2 5 0nmRT« 
T352>C i: £#8ft<h-r Sit** 4 E«<B*lfetfc*:#i*. 

Id «fc -o T JOX S nfc Z L £ t T -5 1 * ft it 4 
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nznzK&K¥mztoVT&&.<DM<Dyt¥mzftm 

im&mi i] T(cgH^b<(4iHigs/^->$:Wb. 
m&\zK*mmT&^mtmtwfci£nrzw$imimz 
tt\sTffiu^mtmzmzn&m&(Dmwyt*mM-t 

<Djhz$Lvts.^Rf8%¥mzg,-3< wmm^-f 
± t. K*m3t*3RT?tWi 

$ nfciu«!«^ £#r§b«!«^ t it** b x^-mz^ 
^Tmm¥&tm\zttTz>xf&3itt\zxMmffi&&&'? 

■r sj; p izmm vtz z t &®m£-?z>m*m s s^a i 

^.fcd<i:*#gS[<i:-r^»*^8^fe«l 2fStt«^RIM 

tfmmwfc&ttmzi&fczntzrtp—yvx. y ~j-x:mtf< 
m zvifeffi t z^ft a d t .hT-s 
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BCD t «f x AottB^fr-ar^jaic^ vixia« l 

<D*flS<hLT\ iSBJ^CDX"^ h)m&JZ< U jgBJIS 
TV»«. WO 7-046079 (fikfcfcitfS 

2) irM#i^4^©fH«^2&?>, cna. tas&A^- 

>_h{C«»M**-r-5M*4iC-ffiOMT-©iR$n-5 «fc -5 ft: 

-So 

[0 0 0 3] 

C56ea****uj:5i:-r-s»H] ee*££fls i (defter 

T^JSTITf £3t©fflrtS3gl4>- 47rndcos6>/A 
&$>-?fz*) L,9fzsbT*&2>. Z\<Dfz#>. 5 iitBit 

t a * ttfi o&ftMBK a n & . a eaa m »c «t * w * s tr 

-rztztt>T'$>Z>. fctAH »-6 (A 4 8 0 nm) Ttfe 
tB^n^H^t, g^fe (A 6 3 0 nm) T&tti£tt£H 
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30 [0 0 0 7] 

n«Klttft!Mkft>&'f /-v-fe>-y-tC«koT&SOMft: 

B61*aE*ftlc*st»T. mrlHK*©^ft^.^^cDiii«!«^ 
its. Sfc*%0J{i. ttJEKI^&i^fttcfc^T, ffr 

fEStS©sft«>«i!c©iii^m^*. «retttftfi»*A>& 

50 nfc**0»«03t*«*. MtfiiiCMS^fc'f 
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^Ct^ain. SMEfcl68tf£ 

itl*Mt5CtS«f8ttt5. 50 
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tt^^fk^ 6 -f ;* - SM* >■* tc J; o T&ft <oaft 

©-r v-t e. it 6ns-5-n^-*no^iB^«# 

mimitmmm^Bisimmz&^TMtiLfztirz&ftctoiE 
rn.it £ n^a^m^ s i^-j^ si^t— o ©a^m^ jc^ 

ae-rs* jsa^i £ i £#tfc<t-r s^RB^scse 

E^tHTt^©^ *-SM:>U-ft, B*W»E8Ki«f6ifc 
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E^RI&ffigfiic&i^T. ME^m^^«, iJES«l 
[0 0 12] *fc*56Wi, TlcE^b<{iHS&/t^ 

->s*rb. *BKi3t*aifrs3pii<t«3&»»rii$nfc 

3t»*T» w s nfcpi^ffi^ zmmmmm*? t vast b x 
^-mz&^xmm¥mtm\zttirzxm&it\zKm 

^fc*%BJ(i. mfE^P(S^*Sfilc* 
UT. WEHiH3t**tt. M*ttKtn%«iRm-r«J:^ 
lc«fijtbfc't^^mt-r^o *fc*%B^«, mJE^BS 
*alEft«fc*v»T. Sic, nnR%tc«-^< djftAMtPX 

[0 0 13] ££#f£BJ«\ tt*SE»*CJ*bT«3tRB 
Wra«3t«iH3t**i, l»EWASE«*TK»*«ttf 

m&mm&£ztmm&tii&ttmzBi&-2titzA?->e) 
x y 5?TE#r b tzytT-m * »j« Lxitfl^ **m-r * 
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1 tt, «*K, ¥^^A*< X^®[jt-r^fc*tC. S i 
^©*1£ (^XA) 1 aJilCgEilS/t^->l b£B)£ 
U Z<D±lZS i 0,^©|6&M*CVD^-C^JKU. 
£©J&M£n;t*feig:J&©«®£CMP (Chemical Mecha 
nical Polishing) T^a{tbT¥fi{tMl c£JE*/j£l, 
fcfcOTffcS. 0 2t(i 1 4: bTEia^^ 

-> i bjj«— m. j t<D±tztemm&e>tezspm.ikmi c 
om&mm-tzimmmz&mmmzmis* tmm&*. 20 

#. S**©*lffi£tftSE?-*¥fflflJ)i 1 c ©Ttt. 
>£JE*fiJiL *:<&©*<;&£. 

[0 0 15] £©<£3&&&S:;tt#U©¥:fi{t:IBtl c£D 
SEffifcJIBW3fc2 0 O&JIBItU ^1/>X2 0. fettle 
>X3 0, iJckOH';* — SHz>-tf-7 Oa^ft-Stfetti^ 30 
RTHfcflMI&ttttlUfc*^. 0 3 (b) iCSVrilO. 
¥JB[t^ 1 c CDj^J^d IC*rr*K*MSR«. -f *-v?.-fe 

>-y-7 o«»S3t-r*feici£:i;Ta«3*«a«6*i:tk:js: 

©^dfcjfcDTJfcifrijEtfCt&O, ^nic^oT&ffi 

fi©#£B (A4 8 0nmil) fSSfflTb^K, 
HkfeG (A 5 5 0 nmifi) . *feR (A 6 3 0 nmg 
S.) £ft«filcfc*fcti£oTH»I*>*<fc.5. tctk. 40 
«, Bl#d 1 ©^T# • fib • *fefclc*3-&3fc«©fi 
feJBWfcbifcJft^. 0 3 (c) \ZtkT£o\Z. ffeBT 
«tiiUfc*tt©3&«I btep<. »G. ft&RiZti.Z>l,Z$£ 

v-t >it 7 0 TttW Lfe^g^ I M . I 
I rtl *SSlTl-^i«. Sfift (Bft+Gft+Rft) 

(a) lC^-rt*5D B~RtC^S{Ct3nT^»i|§< 50 
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(a) \ZviTmmd 2tC*3Waafe7tlCJ:-5^ffi^ 
I M tl. 0 3 (c) (C^-T^USd 1 fC^tf-S^fe^; 
.lcJ:«3HiUK&Ar I w l^Oltemmc 
T&-5#, T©IH«S/l^-> 1 b©x-y>fgpo93> 
7>h«. 0 3 (a) ©#t#©^ifi5^. 0 3 

(a) fc*Lfc*#Ttt. ffl«fi-C*-&*fiB©EIMs 
RjWBWS:®. efe^Wa#JC*3^-5#feB©SiJ^ 

tfeHJUfcfc©*MJ^jWBv>EfcK:,fcS. 
[0 0 16] itlOtSSCMP 
T¥ffilCjDILT¥fi{tJKl cSMl/fctLTfe, 
©T©BB«/t^->l bJC«^©'5fc0^i;-S»JK© 
^Itig^ttSiftT. ¥fiffcBll c ©MJPdl'd 1 
t d 2 iOMT^td^i;^ C t Z\<Dfttt>. $ 

&tt*f* 1 ©¥Sft^ 1 c^£&tH£*i-2>ilH§j«^i:L 

t, 03 (c) ^e@3 (a) iz^-rm*t£m^mti& 
&yt&mmmwttmmisT<2>zt\zfr2>. l^l 

&) . Sfctt-fc^Jttt t 'J © J; p JC-feJl/it*SE 

fcts»t«ia«tfi^ra*©jt«) «©iB^/t^->ic«cf 
<BHim^ra*©Jt«e(C*UT, 0 3 (c) tc^-r^e, 
^tbpj«I ta „i0 3 (a) fc^-refeTt^ttlH^ 

1 ^.i^itfe^n-sctic^co. M#©ffl^ic*c? 

«>. £©£■«©*— S*&*lfe£ i PJ£l,&t,»,k 3 
5. ZLCDfzsb. WltWk 1 c ©«B(c#»S jfc«8«>& 

ti*5. in^. 03 (c) \z7Frt&&$mmm®L 1 

.„d,iB3 (a) (c^-rafe^ttllii#I bs ,«t©a 

^tc^.sn*i-5tt. ffii?©^ttc*fr-5fe©tij^©ig 

[0017] ±E«w***-r'«. 
tttu Lrztn^tKDmmm^oym $ £ h 1; u^;nc-r 
^iiciot. titfk&ttf&.uz&^Tmmw&it^fz 
^T©iH0f^ skw— ©^^<& afe^ticffi^-r 

*ttW«(ft«^*»*J:'5lcLfc , b©T»*. BP-B. 0 
4iZmT ilD, B (A 4 8 0 nmgS) . G (A 5 5 0 
nmgfi) . R (A 6 3 0 nmgg) UM©! 
BJ^ffiT'&oTfc, JpSftMl c©MJP©^tlC«^< 
»3tR»*RlCi6i;TH4 (a) fc*fJ:-5 
Ui (x, y) . I„ (x, y) . I„ (x, y) tclf 
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Lt£^. -Aiz^-r mi) ^-urna 

n^ct^tc. ^n^tKDwmm^ i u, y) . i„ 

(x, y) . Irt (x, y) izmfcZy^O (Gb, G 
g, Gr) SrSBtS^tKcfcoT, -tn-FnofeTtfttU 

L;t^n-?-'n©®#«^©Bjs$ i „, (x, y) . i„ 

(x, y) . I r! (x, y) *ntl"<MZ-tZ>Z\}i\Z 

**. c:ntc«to, 04 (b) ic^fffio, -en-rnco 

&-ClftttiLfcH*«^©l»** I M (x, y) , I * 
It (x, y) = Im (x, y) + I „ 
x I,, ( x , y) ) + (Ggx i„ (x, 



CUT. . ±ffiy-f > (Gb, Gg, Gr) £, 
■fe>1t7 0lc<J;oT^e,ftic^W$n-5)®^«-^ I 
M ( x , y ) . I „ ( x , y ) » I ,i ( x , y ) <E> . 

Gb=Kb/E I bl (x, y) 

Gg=Kg/E I„ (x, y) 

Gr=K r/£ I rl (x, y) 
'TtrffU Kb. Kg, K r liKtSI^ 

[0019] siiRfctt. *mas*MU k:»ltbb 

<Afc#, -f *-v-fc>+r7 0#>£>&tn£*l3B, G, R 
©■(*»-^I M (x, y) . I„ (x, y) . SI 
ri (x, y) ©-en-g-'tllC^LTJiiaKb. Kg, Kr 
£ffiIELTy-r> (Gb, Gg, Gr) £ffiIE-f -2> £ <t 

03, *3«tZ>*04T«, B, G, R©3-&©ili«m^lC 

(i3 0lClSe,-rN^«| <N»i2£UL«!>SESc) T'ilAo ^ 30 

[0 0 2 0] ifclC. fetreiE«{t¥©Jcov»T, 05* 
<fctf0 6£ffll,>Ti8Brr&. ttx.H Ury-f^-y 
■fe>tf (3t«Xlft*^) 70tlTTDI (Time 
Delay Integrati on) U— 7-i v 

g, *R©3aa©aauji*«Mtw-r*ci:ic«tD, 3 
mmzftm^tz&<Dmfom^*&m?z> z\ 40 

tt. A/DfMl 0 ITA/DSUOft. 

B-SffiEiigpi 0 2(ct&*rt$n&„ dwajsistssui 0 

2T^WS<)lC-ii$nfc3aS(DH«!T : -i5' I „, (x, 
y) , I 8 , (x, y) , i (1 (x. y) «, BJ^^tje. 

*3t^T^n-6n©Bj^,$tie.2: i„ (x, y) . zi„ 50 



** (x, y) . I„ (x, y) WfflCl"<)l'\Zte.Z. H 
f I« (x, y). I rt (x, y), I „ ( x , y ) £ 

S*iSfifl:U;fcM*«**I, (x, y) (I b!rJ (x, 
y) ) $04 (c) 5 K£/£-r«» 

•5. 
[0 0 18] 

(x, y) + I tS (x, y) = (Gb 

y) ) + (G r X I„ (x, y) ) 

mi) 

« (&2) icattJVsTHta-rSjKB****. ±flE$gffl<i:L 



(»2) 

(x, y) . EI„ (x, y) ±IE (&2) 5* 

iCl^HtyO (Gb, Gg, Gr) W5. IP 

VMfcfflfcii^T. SI„ (x, y) . SI„ (x, 

y) . si„ (x, y) &>&isbz>!&mrf$>2>tzii>. mm 

£fc^«HKH*«*«^ I „ (x, y) , - 
EI„ (x, y) , 2I„ (x, y) £fE1tLTBIJiJ<£> 

&ittfi%£ii.Kmm\zw.-DxmtoT&&EtMb&. z\v> 

(#) ©BHi»/1^— >»cHoTt>J;li„ fip-^. &&fi:*f 
£*§^lctt. «#T3$Sffl£bT^;MiteTfroT*>. 

vzf&mft\z&\,*T±zts.mmo>m\Ltsi<k.vz><D-z. -& 
[0021] ^tc, ±iHBj-5$tjesi»a5i o 3^e,f# 

^.n^Iif-^ I b , (x, y) . I„ (x, y) . 1 
„ (x, y) £9!*3MIE* (Gb, Gg. Gr) tt. 
WZ>2tS<E>ffiIEffil 0 4fCA^J$n^>„ B^^$trS1#IE 
af5l0 4fC*V»T. A^^tlfcS)^-^ I b . (x, 
y) ., I„ (x, y) . I rl (x, y) it. 9t\zM*btz 
*jE» (Gb, Gg, Gr) (CctD±IS (* 1 ) itlcS 

» (x, y) , I 8! (x, y) , I„ (x, y) #f#S 
tl-5. Hlt^gP 1 0 5 {Cfcl/iT, 'nbCD^IE^— ^ 
Iu (x, y) . I,, (x, y) , I rl (x, y) £_h 
gE mi) itlc£t*v»Tto#-r*H£fcJ:-3Tfet»&* 

mjEistciVKDmrnmni, (x, y) ^^f-s. z\ 
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V». IP'S. WftiE*MU fc*sv»T, ^fifcffill c©g|JP 
©gffcTW&^Dfr^igffl T 3 a*©®#tx- 

^ I u ( x , y ) . I ,i ( x , y ) . I „ ( x , y ) if> 

I, (x, y) ^iittB^Ufci^iC. ¥fi 

ftJIi c iz&mMittf&VlttVX'b, ■€-©T©BE*l/'? 

[o o 2 2] ^tc. ee3ticffla-r-s i#©M&m# i 10 

, (x, y) a>S¥SfcBtl c±fctt**fctt«!«>ai[ 

£j£Snfcfitr&*fjEHfftIi (x, y) ©-?j 
tt, Jt«lH£f (x, y) £UT{£«-rn*&tbgiu 0 

7^, ttK&ttJtHBlBttg (x, y) ibTilMIStigpi 

o 6 tciitr. c©iii£iEtftgf5 io6it &B-rn«^a 

LfcH&f (x, y) . g (x, y) te. mta&aXKi 20 

a*& v tc «a *m tc c mm?- * t & s „ # ic . 

GLmTtltktiiffl 1 0 7 Tte, Jt«ili«lf (x, y) £# 

Bga^g (x, y) ©te«rn«s«wr«. c^t. 
^mmme u, y) «jt*«a^f u, y > i;*fiT 
^teica^isttaB i o 6izAJi2ntzmmT'$>K). mma 

$tfc«*f^ (KM) 0«4UTI4SII|»l:aS:«ffiiT 
J.Ot&if±tt|!g«©^K£LT^-S> <> ^(C. 

rc-Erernftsatc-eB-rniiiEgp 1 o s T-Min^ f - 

(x, y) , g (x, y) <D&m^i±^:ff 5. Ztli 

*\mmi o 9tzi$^Tit%iL. tztjuxmmmA 30 

(x, y) = f (x, y) -g (x, y) £«^T 

^»^j^»2p ttmvx^-mm 1 c±.\z 

ft**fc»*li&ii*tifcj%*«?o*:(iS 1 1 1 £#!ttJLT 

«aE*«fr;fon*. Ki%&tt®4${Mtifttttf 1 1 0 

K&t^T. (4«-&^-&$nfcMiH# f ' (x, y) . g 
(x, y) ©HiltfgiSrfc&tbLTfc. ¥ffiflOB 1 c ©T© 

BE*/t*->a> s ttN«&m#K»3&«» en* n t 40 

oT(a<*:^<^:ll^^ll|ii^t/ c t-509T, ^©#^ffi$r 
WmLTW£&mttt%(T2>Z\£\z<}:-oTm4kVT. ¥ 

jgfcBii c ±t##sfc»ia«>astifca««so^isB 1 

[0 0 2 3] ?85$tr6>iftgCg|&l 0 3(Ci3tt-5W-5^tf 
£^*5 ckt>*HJ£$tr£>fitIEgKl 0 4lC*>tt-2>BJ.5$if 
<E>ffiJ£©— SWJ&0 6 ic^f. &&<DWmin^ I 
m (x, y) . I„ (x, y) . I „ (x, y) \ZZ~>^ 

Tmm<Dmttfft£'3iCte.^mmtoizt$i-fz>ytm%i cw 

fiE I „, (x, y) , Jt-SS I „ (x. y) , I 50 
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„ (x, y) ] -^V6n©g2pftMl{aKb. 
Kg. K r £©it£5fci&-5. £©itGb. Gg. Grl 
W*St»S1*IE»l 0 4TBfc5r-* I„ (x, y) . 
I„ (x, y) . I„ (x, y) 0>*rtl*tl»ttZ>ZLb. 
(CckO. *iJ£&©BJ33£ I M (x, y) . I„ (x, 
y) . I„ (x, y) &*5. Kb. Kg. K 

r SrStSd— ©fillcTS CltlCkoT, 04 (b) £jS 
T£P<, g-felCOt^TR— ^^©BJ^^Sr^-rili^fl 

^{c. nflt^jGKffi o 5tfeuT, cm 

5 ©ffllEx-^ JSL^titS H £ JC J; 0 aftfticffijEc; 
■r*#«H«iI, (x, y) Z£.f&?2>Z.trfX%Z>. 
[0 0 2 4] 01 7ic^-TJ:'5tc. mm<D2z1t& 

52 0 0-2 5 0 nmiSKT©fiS©)t (Sfttt® 
ft) *raB^bTBJffi»iii«^^W-r5J:^(c-rn«, # 
JKT*A«»£^i;*Ilt&<. J^i?©^t©^»Sr§tt 
Scl«i:^<. — 3£©«[»JEW*W-r*iiI«kfi^*ttttJ-r 
•5C<t7&tX"#. #Rgiffllfe^t©JtfetC*5V»T. 

^ e. ©s*t3t©jgi@ tTB*^ e. ©sstftwigin©^-^ 

*5^T. ¥«ft^l c©TJCibSBE«l/1^— >fr*><D<g 

msmmmz— ^^>z.t\z^-z,xm^vxw-mtm 1 

c {c*3W«>S^©^R8©*^ttttlt--5Ci:*tx^^ )<( 
[0 0 2 5] ^BJtc^^^JBft^l c±©S^I 

^©^Bi§&tt£?T'5^«&3ite«©ff§ 1 ©HJS©^{C 
OViTI5iWr-5o I1H *%^{C^-5^«tfeitSB© 

^ i ©^ffi©B^^^-r«fiR0Tfe^. ¥aft^ i c so* 

^fiX^nfc^**f* (K») 1 tt. >y i7 2 ICS^ 

3. ZXr-/4, YXf-y 5 . XXr— /6±l;i 
«$tl^„ (KM) 1 ©±^('BHB5tlT(/i 

n«tftaE*ff-5 tzMztm 1 o%¥flt«tttur« t>©T 
*o. &zmwft¥mtMmie>»&m®.?ziktiiyt& 

[0 0 2 6] HHM3ie^**«jsKr«3tjBl Ott. ^Jx.« 
X e 5- > ^-CfllfiX $ tlfc-f > 3 fc - U > h 3t«T* 
*. Jt»l OTf^Lfcftte, l/>Xl 4 a^^LTBB 
PttO 1 1 ©H8PgK£j8j!U U>Xl 4b^LX^ 

%mMm<D&te%7 j jizzffiiixBmznrzy 4 

1 2SaaUfc3fo&<«!FttD 1 3 icujii-r-s. IPS. 7 

* )it> 1 2 o c <t ic«t o T4j-jitaaw5s« a 

Ufcattt. k>X 1 4 c &t«t$HH¥a 1 5 ^SiiiL 




T. *f#>^>X2 OJeAStU ttftlSJHMf*. * 
A77°Vy fiU fiSfttf-AXXU 

iomi:i/4Kmi 6£Ba«£-a\ 

±TE». *a, HJffU OTl/>X3 0ONAE(^ 

»3n. tttt 1 ©«ft»*T**U3fc**Rtf fcjftttW 
3fciJ**4 5lC#^n*. cne©3t«. tftW3fc£JR«Mie 10 
^WNB^ 5KAWU lSlfc^(Ml'>X3 0^ 

Tifc*;LT-fe>-y-®7 OKUSfftS-B-*. hht. i&wft 
**©3te$MM¥&2 5 (i. (T : R 

= 1 : n?&<T<tl>) W?D'f7^5 7-^tt 

tt. »J=7t>**TD I t>^UBTV*^7§1? 

[0 0 2 7] ttm3fc**03fc4HRP#&2 5££#t 

>-y-4 i cba i ofltenft-rs. z<Dmmi,tzm\z. 

ft#7~V XL, 4 8 -Cfrl&StlitTft&W— 73©|g!/Wte?Jtf> 

3#CCD5^-4 5. 4 6. 4 7T«$n5A^TS 

IMat/^4 1!t U=7tWTD 
I. **VJ»47* h^-f K*W**. fc*s. 
0 1 3itt»li*ttl3tt**©3t««ift*^7 ORZ>'» 
jSt»ffl3t¥*4 5CD3e«XM?4 1«^MIC^^T 
fe^o jftjfiittHi3t^©3t«Slft*^4 lTMftfflL/yfc 

co«ijScttu##«iaiaift9 otsnt. ttfotzyt 

%ViU>X3 0Oj»^tttB©X^**»ffmStl. CCD* 40 

wstifc^xufio^-^atc pu 7 5icj^m^n 

-5. IlOiu&XUBKjfcUT. CPU7 5*>6Xf-y 

»jfflia$8 ouzxt 1 — s?4*e»s-a-*«^sfT«r>. m 

[0 0 2 8] «Hi7t^^©7tffi^^7 OTft 

sn. a»jaa(i]gS7 2fcA73$n^>. coisifej&siiH] 

£fr3. M^KOXY^tfiJO^idtcttXXT 1 — 50 
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^6RDtYX5 i -v'5tC c tO 2ik7cM^ft*ffP. * 

Z>®&\*tt®U>X2 0$:ZJi&\\z&W)2l*:Z>Z.£\z£ 
QmU<DmH&£tZ%o Z.<Dtt%DV>X2 0&ZJ5\P\\Z1& 
i^tTlf M»i5»t5?i|^t UT, ZXf- 
v 4 tej§<S£n£: 6 7.7— V 3 -^-v >y ^ 2 O^Mi 0 
btt®)l'>X2 0<DffiM<Dj]-t)m^fc#>, ZXf-y'4 
tC |*JU 3 tlT ^ -5 7 ^ ^ 3. x- ^ TSUIS tS tlT US g ft 

m&Mm<D74-Yny>7mm&m<ts.z>. zx 

tl/T, 04{C^-Tct5tC. TD H — > J -tr>+> - 7 0 
acDg^B (7JA*— tf^Xffi) (C^7tSjM^(DS^-5 3 

[0 0 2 9] iklC. i c l©gft 

0COijg^B{C-k>it7 0 r . 7 0g. 7 0b£KE 

5 1 . m^^MT^y-f 7 n-r - y ^ 5 5- 5 2 £be« 

-fe>-y-7 0 r fCfiJilU d<D-t>-tJ-7 0 r 

TtftT^^n^^fewjii^x-^ i „ (x, y) tmm 

TOgfcHML, :©t>D-7Og))^B8e03ti1? 
^Stl^^fecDiil^— ^ I «, (x, y) ^tbsn 
-5= ££.IC, 2^>CD^-f^n-<-y^5^-5 1, 525 
Silbfc7t«-tr>-y-7 0 blCfUiiU CICD-fe >-y- 7 0 b 

b. (x, y) fimttiZttZ. cniCiO. 3felc^g|b 

1tWVkT—*l u (x, y) . I„ (x, y) . I 

„ (x, y) en-SCifC^C-S,, -1 0T(4 3 

-ar^«^$r^-r^. mi (DmmvMtetmmiz. ytftm 

[0 0 3 0] tu5T. *^St*t* mm llC&V* 

nrzmmmm 1 c oTtt!cs»n»jh«*«#»fr*ji «t 
i co«®icSjii»±^srM#tt-r-5citcj;o. mm 




[oo3i] x.\z. *mmz%z>s?-)a\tmi c_l©s#j 

a«[p]±iCOViT, 0 8 (a) SIHTRMt*. ttl* 
1 7 l±K»USnfcT*I (tfiJxfcfS i ISOgl) 
17 211 »3tSW*A*i«<T-«T?**i:-r*. Z\<D 

T^fefT-So HOjfcfi/t^ — > 1 7 3 lCg#J 1 7 4# 10 

*t-t>-y- 7 o (Dtmau^MzmL^^o izmwytmt: 

fcft*bfcS4&©flM^U'' , c;i,£*s< b. loTteii: 

1 7 1 {C)£/£$*lfcA^-> 1 7 3 tC 20 
ttJSS-asSj&Ba***. 0 8 (b) IC^TilD. r\9— 
>17 3CDfi£#JS3'ti-TH91Je£H!e& (09* tf. A 6 
00~660nm) tTftkffl 1 7 2 tgfcfeA*;* — 

>1 7 3©E«tft3S«©£#/ha<fc.5. Z<DtzSb, Z\ 

30 

[0 0 3 2]'*fc, ^ilftJIl c©Ti£Ji©A^->lC 

&*^&£fli*.*:*l»gi1fcSg«©m 3 ©^5£©^<StCC> 
I^T. 09, 010. 011. 01 2i3cfcLN*0 1 3 
^TttWT*. £©SfS3©5|j!fg©®<ite. 09{c^TiP 
<. HlK*H({10Sa«>»liH«C, 5tasio« 
eft3t«-e*t). ^bfc3¥;<£r^>7 ; >-y-l/>X'l 4 a 

•zmn&v i i K^at-r*. hp^o i 1 zmMvrzye 

©A>F/U7^M12ffl9^ Jfctt + fcjB&Snfc 40 

«iibT«»«r) 1 3tcsujg-r^. zwmmttw 13* 

jtifibfcftte. I/>X14c, y-f i7P-f 7^551 
5. «fi«16. tt«U>X2 0£>SiftbTtt»lS* 
MHWT*. HSf. &Slbfc3fcte. Stf 

T*aj*3tH»=s»sn. iis«!U>X3 ot^w^^j^ 

fiE-r-5„ ^©tiMX-AL'>X5 0Tt>it7 0± 
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t, 01 ozm^TWiWTz. 010 (a) tr^-rin 
i9fcv>>hb. ^n^A^x^-^Tiafc^-ti- 

J ttl j etHDrt> F/17>y <{ A? 12 a, 12 
b. 1 2 ctt, HI 0 (b) lC^-Tt*50. T 1 2 a. 
T12b, T 1 2 c. -£$»B3iMsa«Sfc*«?tt£*r 
•f-5„ &*5. 0f h^^^fcfElSbT 

[0 0 3 3] SWfflA*>|</W7-fM05^, *fiS 

i, hi 2*3=toc@i 3*«^TBiwr*. sr. s& 

#R©^£ bTtt*l»©*fTfl53iTK*» 1 ©Mfi» 

/U7-fMl 2$ra^-r^^^-5>„ fiP^. 0 1 1 
(C^r^«tft*««K*V»T, 0 1 3 ic^-r«t O IC. A* 
> hVtXX^JP^ 1 2«RBW3ttl»a>S*Vb-Ofc«l 0^ 

6©3tK:«fcoaeflaB8b (xf7 7"s ioi). tmi 

SrJSttbZtXo— >>5. 6$:^-r^= £©££. UPl 
1 ©S#3t^^S^Hlfflt>^4 7 J: 

C ©^^Sit^tftWffl-fe >1t4 7ll 012 ICtk-T J; 5 
iC. 3o©§«4 7a, 4 7 b. 4 7 c 
0, ^tl^tl©^® 4 7a. 47b. 47c iZ\Zft?t 
mmme>mt£Z>m:4 8 a. 4 8 b. 4 8 CT&tfiltttt^n 
T^li. 14 8 a (DH-ytmmmtm 5 0 0 nm^TT, 
SH4 8 be>fmmi&mi*$}5 0 0 nm~ij$6 0 0 nm 
T. 14 8 c ©fr^ig^te^ 6 0 0 nmJM-hT^-So 
^TtSlt^SLtil^gr (CPU) 4 9tC*5V>T. :<03^ 
©§3tiO#-!?4 7a, 4 7 b. 4 7 c 75>e>#&n 

yS10 2) „ i^. -t>-y-4 7030©§)tlli>f — 

[0 0 3 4] J^iittBJbfcct^lC, ^SW^StW^S 
(CPU) 4 9IC*5^T. *3SWO*ff f^*-Ctt» 1 © 

4»tfiSt*s*»T**#a«fcm*b. ^©m^ijg* 

>h*/1X7^JU^l 2^a^bTfigW^S&tplC^BTS 

(CPU) 4 9^bf#Sn-5tH^iSg*Sr. A'>H 
AX7^^^S^t»*UC7^-h'A-^^bTg«)B«HCS 

^-r^^t^nrtgT^-s. ^±.mm\,tz^o \zm.m <r> 

^Slt^©il5^felC*fJEBb^:A*> KAXX^JP^ 1 2 

s-s-a^t^iEtfes. K.m®.±\zm*z>mw 
mt. urn i ®»3iesitJp«»jfis^fl[***ffl^Tji«i<? 
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ttttitr oittftftn t b -emu z> <om wytT *rs& 

[0 0 3 5] *Pi&tti!&«£ft±£-t*3£#©}fc 

mi 4n^umi s&m^xm.wrz. itmi ozftit 
Ltzmt. i/>xi4d -zmytz n. y-r ^ ck v v s 
7— 1 2 oat, mjimmmmwx no tm&mmm 

l&l 7 OTIi, BOttD 1 1 a. a»«0 1 3 a Sritil 
LTB^ * P'f * 5 9- 1 2 0 bT'MtUffill 
*1 9CMfcl*iR*l4:&*. fc*S, 1 4 f , 14g, 1 
4h. 14 i. iS&Tfl 4 j «lx>XTfe^). 1 
4m. feitfl 4 n 145 ^-T&So ^(C. ffiDttf-A 

x^'j^^-i 5&mmi>tzpmmt. A/4«i6«- 

giIbTFW6<h&D. #tl^>X2 0£;frbTt£m 

ftl/>X2 0 (C^^n, A/4^1 6$rililbTS{l 
ftfC^j&Sft-S. ^©SffiBfcte. {sDfcfcf-AXX'J 
-15T'RSt$n. X-Ab>X5 0?r^bT-t>-tJ-H 

7 ocf»aiP«*<tflis**. sfc. mwmzm-tz® 
-r F^sf-r H2 3coAW^Jc^*e.n. ^i/>X2 oo 

*H8M%T*a, ESr Ufc3ttt»» 1/ >X 2 o »cm o a 
0. -f /-vir>it7 0^e.ttWB&ffi»RSWJci«i:Sli«(! 

**Bi*n«. z\<Dw/m&mmw(DV)r)mz.&fT5\z 

tt. fttttUffl)R«)K 1 9 tCfiitlS 2 2 £BEBT*U4<fc 

xyy»^-i 5 -waai. s«f *3t*oa^*«fl:s 

t5CtiiTf?5. tot. «3fcR2 2©@<EK:«koT 

w/mmmmw<DW o &*.tmmT:*> o . aoffiiftts 2 

[0 0 3 6] #IC. BJJ|*£»MBJiK«fc3KR8&ttii£S© 
(pJ±lC^»^T@15 (a) ~ (c) &m^Ts&W-rZ>o 
U.Ul±\ZL (Line) &S (Space) #ffi*Ji££ 
ttT&D. :ff)L& S ±(CS#I^#*f bTl/ifc^rxJU- 
OtAT^*.*,, L&S©l»BLttj#«|U>X2 0©«?<£ 
*J:Ot>»E^«HBT**fr*. 015 (a) wnW£ 
BBWT»4. L&ST@»rbfc3t3&*»«lU>X2 OfflNA 
«fcDfeA#l^c*. L&S©|H]dL/^{$t-<±-f. 

*fctB3£S©/t9'.y*£Nl ^©K** 1 £1* 

«»B£i^T&Wb;tH&©ft&«#^£0 1 5 (b) tc 
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TK-r. «rtg»iiiis-ett. wawHiwoiiUfctcjt^^fT- 
. zommmmm-zit. mwwmnrfw&mmmizit^m 

-e$>Z>Z\trft>frZ. b^b. BS^B3BJt?«i|ZJBgptC 

a»KJSi;Ttf*J&iHiJli:£ffi#Jifc*. fCT, 0 1 5 

(c) tc^Ti^Jc. w«» • v&wmmm&n&isitm 

JtlftfiMK. ^ffltffcfcttSfMiaOtffelWFasicJ: 

»BaWKf©*W3tJlOA9y**N2 t-T^xh. S2/ 
S1>N2/N1TW. CtlctO. Bfl^RgBJlC*fb 

[0 0 3 7] *5fiWlC«*¥HWMIia^'D-feX7f 

^Stifc¥a{tMlc^f«.^P(8^tHirouT, SCiEl 
1 6 Zm^TWlW-fZo 016 (d) l:^i/Ma±lc 

20 Tiiid*wtsn, z\<D±izmmn^->i b& 
Mf&tsnx^z,, z.<r>w.mrt9—>\ b^m^^vtz^- 
mitm 1 c ^RKsn^. z.<D¥-iB<tm 1 c «pj«^e-c 

£b-5„ ^ntc#oT. 016 (a) {c^-r^aft^ 1 

c ©jiiai&g3 0 0 nm«±Ttt^M^©^»{CJ: 
0. M53^1l/T016 (c) {C^1-^©H^ft 

Xi^-s. c©y<x*is^-r^fcJ6(c«, 

Hfjh-r**«3&«W«n?*«. 016 (a) o»3tatiMs 

spfflftJUl cOWT^SS i CtCOUTfB 
LTHS. S i OjO^^jg^T (%) «. 

fiWEB£2;£©#irr^bTtA-5 (^«)$eH« 2 *©^ 
*©K) . ftoT. Sfi3 0 0 nm«_h©5tT«S i O 

.ttawxrsbsfcj&afit^^i;***. &S2oon 

40 ^>T, 016 (b) (C^-TilD. 2 0 0 n mtTF© 
^T^t±lbfc@j«T«. MPg»)(C#C)BJ^$tje.^iS 

[0 0 3 8] ^CJr, Sfi 200~250n mfitTSS® 

T. H.17SflJUT»«T4. 0 1 7 KSmt^-e 
tt. Sm^JSl 0£fBtb*rft£. HBW3t**l 1 * 
jffijgbTf-AXXU^iS'-l 5tCA#t-T-5. CtlSrS 




19 



{till c££TJfc#»iR3n*4:. ift*tftUJT?*fcnfc 
T, 018 (a) K6 5 0 nm^±Wt£iL&tfctti/8i£ 

^&t*&o> %£m\/>X3 o-wsftjii c^e>f#<=>n 

>X5 0T"f *-S?-fe>tJ-7 0±JCi&*:*£&£i£.5o d 
CfMSfiiSIt 018 (b) tC^fftK. ^-©^ 

6^^jibfc^^iSg«KU>X3 0' TfM^D, 
i©t5X-Al/>X5 0' TM * — S>-fe>U-7 0' _L 
**MEK J: 0 ^^H#^^ffi-r^ £<h#T? 

[0 0 3 9] Jfcfc. JfSft^l c lC»L.TX->^>^iC 

Kmzmmmgzriik&-f2>ft®.&£8im<vm e ammo 
mm\z-D^T. hi 9*ffl^»T«iwr*. $&**t* 
i* iix. vsm/^—>ibifimactstiitrtmi 
f ±.\ztmmfrp>uz>¥-m.iW8ii c' tiWfczti. z. 
oy-mtm i c • jc*fLTT«ga^t±eBH^<i:^»i^ 

TM3nftt>©)J«#A6n5. KKtft36»*l* lets 

Jf:-;H eF*JcDX-y^>^0^©XRgl f &Wli&-?2> 

0 13' tC*^$-&. d©|i8P&0 1 3' ©{&£/N-:7 
5 5-1.5' T?K»3t, ^L/>X2 0' ©Mttitt2 
0a±l:t2 1ai:lTS^L, ±E««ME*MU ' IC 

&1&fi*t#! 1 * tUTH its 

4. cniCtO, RB9i%OXtMd#J9«lk<. J.o^iS 
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fcifilr>ft£fc*fc«>. SSlC, ft 

rtMEU »1/>X2 0* ©StU«2 0 a t^S^feg 
<hfc5X— AU>X5 0 ' (Dm\Z&ffi7 j )19 5 5 a* 

19 (d) tc^-rsiM^^srW-rs. CltllCitK 0 
ctt). mm^mmw tc& a £ n -s . unicto, xu 

*SfUfflbT-f pt-^-t>-y-7 0' *»£>ilHWt£LT 

[0 0 4 0] |^fillC0 2OTii. «10' TfBfcbfc 
MPaSttUfttlc^LfcHPiaED 1 3" \zMK 
H©HQft0 1 3" 

1 5' -essts-e-, *t#ji/>X2 0' ©»mia2 0 a± 

20 K»bTir-5-JHWr*. B8P&9 1 3" ©UPgR^ 

mtmzBtiHs. y-^HBurr* utiao, 020 

(d) Cit^T02O (e) lCStrt<2 9^0B 
^lHltfr7 l 6t>-t>itH7 0' KSF^f **]■&*«. 

cn6©T»»*fcojwe«>« 

««El«»3&«a*fc»«Oa>H5X httlfiJ-kbftlrV 
CT, X-Al/>X5 0" CDttfeBlr 0^©tgi|>i$r^g; 
«-r4te^CDJR5 6 b£»JdELfc£lffl:7>r;i^5 5 b 

Cir^TfS. /i*3. ^W7-f 5 5 blC*5tt4^^ 
«©I5 6 btLTtt. 02 0 (c) ^^rtBtKtW 

[0 0 4 1] JklC. «^g«*tC[H!0^#r4«^{C*3 
HT^fjaKK* b T 7 * — * X $ n*:£5e 

f\9—> 1 gjW&ffcSnfc 02 1 (a) tc 

mi;iffl2 2ic*-rj![i<«$ni.. <hc:5T', ^ 

&ttJffl-fe>+l-4 lT*f#|^>X* 2 0©«Sjatlit»l(O 

0«021 (b) »c^-rK*4l <D«ffi7EM£3 0 0lc*TL 
S2 0ISI1B2 1 (c) tC^TZtt^i!j^^ffiS©il 

50 n*^i;-5::<h^^g0T-S4. z.<d?*>> z$ftKft 



(12) 
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mm<Dmmafi±s<, 021 (c) iz^rmmza^T 
*-*xLtzmmmm)mttiisnz>. ^t. ^y 
*-*>y,-fz>M.m i oasawtifiTf tt«/h^ii(a©*a** 

[0 0 4 2] fit. 02 2 (a) K^-TilD. ZMR 

mmm < -r * c « z mx j— v 4 ©i ^ 

©*^X5"-v£KftT£©Tte&<, gftSR^ft 

Z>Z\tlZ£Q 2>frSbiZ\t, Mftl/>X2 0 

tifg#l^>X3 0 fc*X^— v>fMfflia5 8 Oft*><DfflWm 

n\zm-3^T$z$n 2 i*3«tc;i 2 3xvkT£y\zmm 

dne»«^gP I Pp2 0, 3 0CI 

»K«fc£j»^fci±0ft!H3i£Zttx^-:S>4 (Cck&ffi 
T. 02 2 (b) fC^TtfeO* S^a^^cD^ffiO© 

2 o<D&w\z&z>m\zM&.&t>i£mi¥zn^ sutsp 

->3 0 0T"$>oTt>, gl#>5T0f7*-*7$fi 
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